The equations for various spin particles with oscillator-like interactions are discussed in this talk. Contents:
1
Comment on "The Klein-Gordon Oscillator"
In connection with the publications of Moshinsky et al., e. g. [1] , the interest in the model with the j = 1/2 Hamiltonian that is linear in both momenta and coordinates has grown recently [2] .
Analogous type of interaction has been',considered for the case of j = 0 and j = 1 Duffin-Kemmer field [3] and for the case of j = 0 Klein-Gordon field [4] .
In the paper [4] the operators Q, coordinate, and /3, momentum, have been represented in n ® n matrix form 1_ = 00", /% -@, (1.1) = 1. The interaction in the Klein-Gordon equation has been introduced in the following with 02
where for the sake of completeness _ is chosen by 3 ® 3 matrix with coeificients _ij = _oi_ij. The "_ matrix obeys the following anticommutation relations {'_, _)} = 0, _2 = 1.
The Klein-Gordon equation for qJ (_',t) , the wave function which could be expanded in twocomponent form, is then 02 ..., -. _2
--_(q,t) = (fi2 + rn2¢.
.¢+ m_ trf_ + rn2) qt (¢,t) , (1.3) what gives the energy spectrum [4] E_a)N * --m 2 = 2m (wIN1 + w2N2 + w3N3) , N1, N2, N3 = 0, 1,2... E(b) gi2 _m 2 = 2m(wl(gl+l)+w2(N2+l)+w3(N3+l)).
(1.4)
However, the physical sense of implementing the matrices @ and _ in [4] 5) where t¢ = mc/h (in the following we use the system where c = h = 1). By means of redefining the components they are easy to present in the matrix Hamiltonian form (cf. with [7] ) 
where _ = ¢ + X, and to the analogous equation for 7/ = 0 -X = E(¢ + X;)-calculations we convinced ourselves that the interaction Hamiltonian 12) =Tmm is the same as in [3, formula (3.9) ] since Tl(r3 + i7-2)rl = --(7-3 + it2) and (T3 + ir2)7-1 = T3 + it2.
(1.11)
In the process of 2 The Dirac oscillator in quaternion form
The quaternion (and conjugated to it) with real coefficient is defined as q = qo
The basis vectors satisfy the equations i 2 = j2 = k2 = --1 and ij = -ji = k with cyclic permutations. Considering a two-component quaternionic spinor (or SL(2, H) spinor) one could write the free, Dirac equation
) it goes through to usual Dirac equation and its complex conjugate. As mentioned in [8] it is convenient to diagonalize the matrices entering in Eq. (2.1) using matrix
In such a way we come to biquaternionic formulation (qi E 12):
where 0L = 0P+, 0R --0P-. This decomposition of _ into left ideals is carried oult by means of the 
The Dirac-Dowker oscillator
In this Section we start from the equation for any spin given by Dirac [9] in the form written down by Corson, ref. [6, p.154] , (here we use Corson's notation)
where VA and v A are the rectangular spinor-matrices of 2k rows and 2k + 1 columns (see, e. g., section 17b of ref. [6] for the details). The wave function ¢(k, l) belongs to the (k, l) representation of the homogeneous Lorentz group. The choice I = 1/2 and k = j -1/2, j is the spin of a particle, , permits one to reduce a number of subsidiary conditions. Moreover, the equations (3.1) are shown by Dowker [10] to recast to the matrix form which is similar to the well-known Dirac equation for j = 1/2 particle (3.
2)
The 4j-component function (I) could be identified with the wave function in (j, 0) $ (j -1,0)
representation. Then, T, which also has 4j components, is written down
and it belongs to (j -112, 1/2) representation. The matrices _" and Or = _, obeys all the algebraic relations of the Pauli matrices 6(ocff) = g_'_, except for completeness.
Defining p_, = -iO, and the analogs of 7-matrices as following:
the set of equations (3.2) is written down to the form of the Dirac equation
However, let us not forget that (I) and T are 2-spinors only in the case of j = 1/2.
In the case of spin j = 1/2 it is well-known the set of 7-matrices is defined up to the unitary transformation and Eq. (3.5) could be recast to the Hamiltonian form given by Dirac (with ak and fl matrices) by means of the unitary matrix.
It is easy to carry out the same procedure (a k = ST°"/kS -1 and /_ = $7°S -1) for 7-matrices, Eq. (3.4), and functions of arbitrary spin
(@ = S-I(I)).
For our aims it is convenient to chose the unitary matrix as following:
After standard substitution/7..--*/7-imwT°f" we obtain
Since it follows from the anticommutation relations that aio0 = aoai we have the equations which coincide with Eq. (8) with 7_ being 6 ® 6 covariantly defined matrices. The j --1 Hamiltonian has been given in refs.
[llb,c]:
where
(Si are the spin matrices for a vector particle). 
3)
(_ = ¢ -X, r/= 0 + X), which could be uncoupled to the following form (k -imw)
These equations can be considered as the extension of the equations with Dirac oscillator interaction to the j = 1 case, for the components (ff_ and (S_T1. However, remark that one has the additional spin-orbit term acting as earlier at 0.
Note on the two-body Dirac oscillator
The two-body Dirac Hamiltonian with oscillator-like interaction is given by (see, e. g., ref.
[lc])
lb.
(5.1)
In the c.m.s, it is possible to equate/3 = 0. The matrices are given by the direct products We consider the system multiplied by C, the matrix of charge conjugation, in order to trace for the symmetric properties under oscillator-like potentials.
The wave fimction is decomposed in symmetric and antisymmetric parts using the above-mentioned complete system of matrices:
In such a way we obtain the set of equations: [lab,c] : Smirnov.
